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Abstract 
Difficulties during the preschool age commonly lead to children who cannot solve problems, organize information and create 
meaning. It is necessary to predict factors that may affect their future learning. 
The aim is to develop an evaluation tool, to be applied in groups and that can easily evaluate results, to detect future learning 
problems in children of 3-6 years old. 
Computational intelligence techniques could contribute greatly to analyze results and to detect patterns that otherwise would 
not be apparent. 
Two protocols were implemented: an Indirect Variables Protocol (IVP) which captures children’s personal data, and a Direct 
Variables Protocol (DVP) that assesses the graphic production of each student. The protocols were applied to a sample of 165 
children of 3 to 6 years. 
The data was processed employing clustering algorithms.  
The clustering algorithm grouped the data into two distinct clusters. The first contains the cases of children who had 
difficulties in solving almost all the activities.. 
The second contains those cases that correctly performed most activities. 
The age was not a relevant variable in this sample. 
Although the presented tool is still in testing phase, it showed to be appropriate to detect learning difficulties. Some variables 
considered resulted relevant predictors of children's performance. Cluster algorithms allow the isolation of groups of children 
whose performance is lower than the expected one. 
However, it is necessary to increase the size and diversity of the sample to confirm these tendencies. 
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1. Introduction  
This work introduces a tool called Prelogical Test. The aim of this tool is to provide an early detection of any 
potential learning difficulties.  PROA (Learning Project) is the research division of the University of Palermo 
responsible for the design of this tool, through the application of techniques from the area of Computational 
Intelligence. The test will allow for the detection of potential signs of difficulties that could hinder the 
conventional development of learning and, consequently, will be able to evaluate aspects of children's 
development in the motor, emotional and cognitive areas. The Prelogical Test does not replace the role of a health 
specialist, nor does it present itself as a psychometric test or is intended to provide diagnostics. 
Designed by PROA, this tool is an innovative instrument regarding its processing methodology that makes use 
of intelligent systems, and also for its applicability to groups. Therefore, it would offer an innovation in the 
practical application of Computational Intelligence techniques. 
2. State of the art and theoretical framework 
2.1. Learning: a difficulty 
Children arrive at primary education with learning difficulties, showing deficiencies in their inclusion in a 
more systematized educational space.  Since learning and development go hand by hand, a child can only learn as 
long as he has the necessary elements. Therefore, being able to detect which children show difficulties in the 
learning process becomes essential, in order to provide them with the necessary resources.  
A comprehensive preliminary survey showed that historically several measurement methodologies were 
developed, such as: PRUNAPE (which evaluates psychomotor development), the Koppitz test battery (the Visual 
Aural Digit Span test, Bender's test for children, the Human Figure Drawing test), and the Wechsler Preschool 
and Primary Scale of Intelligence test. (Fiel Martínez et al.) 
However, these tests are complicated to administer, given their individual way of data recollection, which 
takes too much time, and the exclusive need of a certified professional to do it. 
 
The use of expert systems for the exploration and analysis of large amounts of data, diagnostics and decision-
making is common in fields such as engineering, computer science, management, economics, and even in 
medicine, but there were no precedents to be found about their use in the study of learning difficulties. 
Given that the age range from 3 to 6 years old is essential in the formation of the cognitive and psycho-
affective processes that will determine the child's later performance and development, there was a necessity for 
the creation of this tool. 
3. Starting point 
3.1. Questions that guide the research 
How can the shortcomings of the school system be prevented? 
How can we contribute to the educational system in the early detection of learning difficulties? 
Is there any test that can measure the levels in cognitive difficulty and capacities for children in the 3 to 6 year 
age range?   
Is there a way to design a tool that can provide the necessary data to aid in the prevention of future learning 
problems, through the study of the performance of children of preschool age?  
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How can we build a tool that allows for group data recollection without exposing children to a rigid evaluation 
system?  
What previous processes stand out as indicators for a deficit in learning? 
What should such a tool evaluate?  
Which would the adequate procedures be for data recollection, taking the implemented methodology into 
consideration?  
How can clustering algorithms and other computational intelligence methods contribute to the early detection 
process? 
4. A tool for early detection 
4.1. The Prelogical Test 
The aim is to develop an evaluation tool, to be applied in groups and that can easily evaluate results, to detect 
future learning problems in children 3-6 years old. In this way, a contribution to the educational system is 
expected regarding prevention. This tool was called Prelogical Test, as it encompasses the preoperational period 
which 3-6 years old children experience, and in which they are able to use representations (thoughts) instead of 
actions for problem resolution (J. Piaget, B. Inhelder). The presentation of the tasks for the Prelogical Test is 
done by the classroom teachers, implemented as another activity in the curricular proposals, which reduces the 
influence of external factors. The management of the gathered data is confidential and anonymous, and exclusive 
to the domain of the authorities of the establishments. 
5. Methodology 
5.1. Data recollection 
Data acquisition is done through graphical tests and an electronic form. 
The selection of variables for the development of this tool was done in a collaborative way with the 
psychological and psycholinguistic counselors in the research team, and the teachers of those children involved. 
Therefore, it allows for the consideration of intervening factors in the learning process through the intersection of 
two types of variables, classified as direct and indirect.  
The Indirect Variable Protocol (IVP) enables the recollection of data that will be useful in creating a bio-
psycho-social profile of the child, as well as personal information that can have an influence on his school 
performance. 
The graphical tests that are part of the Direct Variable Protocol (DVP) are intended to evaluate children's 
production, follow them up for a certain period of time, and detecting patterns by age. The evaluation indicators 
in the DVP will account for the drawing stage the child is at, and the representations that he is building in relation 
to space, shapes, logical constructions and type of thought. This shall result in data about the cognitive and 
emotional processes and motor patterns that the student can use in learning. 
The analysis was based in a sample taken in two kindergartens, comprised of 165 children of 3, 4 and 5 years 
old, distributed as follows: 26.7%, 32.1% and 41.2% respectively.  
The following variables were analyzed: Age, establishment of correspondence between geometric shapes, 
establishment of correspondences between colors, association of geometric shapes with objects represented by 
those shapes, and ability to reproduce different geometric shapes.  
The tasks that were assigned are: 
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x "I copy the geometric shapes that are shown": the teacher shows each illustration to the group, each child will 
have to watch and copy, see Fig 1. 
x "I choose a shape and color it using my favorite color": the students will have to choose a shape and color it 
using their favorite color, see Fig 2. 
x "I paint the shapes the same color as shown": the students will color the shapes with the same color as they 
appear, see Fig 3. 
x "Association of geometric shapes with everyday objects": the students are asked to associate figures with 
object shapes, drawing a line between them to signal the similarity, see Fig 4. 
 
Fig. 1. "I copy the geometric shapes that are shown" 
Fig. 2. "I choose a shape and color it using my favorite color" 
Fig. 3. "I paint the shapes the same color as shown" 
Fig. 4. "Association of geometric shapes with everyday objects" 
Table 1 shows evaluation indicators. 
Table 1. Evaluation indicators 
Protocol Items evaluated 
Protocol 1 has 3 parts. An evaluation is made 
for his motor coordination, visual perception 
and hand-eye coordination. 
Copy of the figure, recognizable shape, 
doodles, joins sides, straight shapes, round 
shapes, task comprehension 
Protocol 2: Hand-eye coordination of the 
students will be evaluated in the coloring task, 
their ability to identify shapes, sizes and 
spaces, and their choice of color.  
Respect for outlines, colors inside, colors 
inside/outside, colors outside, single color, 
multiple colors, choice of shape, chose 
circle, chose square, chose triangle, task 
comprehension 
Protocol 3: The discovery of properties allows 
for the development of classification features. 
The correspondence between shape and color: 
establishes evolutionary levels of maturing 
through the ability to recognize both 
Perception of patterns, color 
correspondence, shape correspondence, 
does not establish a correspondence, task 
comprehension 
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categories. Therefore, it's about analyzing the 
process of the students in the acquisition of 
those mental structures. 
Protocol 4: Geometric shapes are recognized 
for their spatial configuration and their 
appearance, but not yet for their parts and 
properties. Student's ability to analyze and 
integrate parts of a whole, perception of 
patterns and symbolic capacity will be 
evaluated.   
Joins with lines, does not join with lines, 
associates circle, associates square, 
associates triangle, associates every shape 
with the objects, task comprehension 
6. Results and main findings 
6.1. Processing: clustering algorithms 
Clustering models are usually applied in the search of groups of data with similar features, based on the 
variables that are being analyzed, which show a high similarity between members of the same group and a low 
similarity between members of different groups. 
Clustering algorithms can be used to discover patterns or relations that would otherwise would not be apparent 
(Johnson, R., Wichern, D.). 
These are the variables that were analyzed: Age, establishment of correspondence between geometric shapes, 
establishment of correspondences between colors, association of geometric shapes with objects represented by 
those shapes, and ability to reproduce different geometric shapes. 
The classification method applied automatically grouped the recollected data in 2 distinct groups, as shown in 
Table 2. 
Table 2. Cluster distribution 
Cluster N Combination % 
1 30 18.2% 
2 135 81.8% 
Combined 165 100% 
 
As shown in Fig. 5, Cluster Size, Cluster 1 contains 81.2% of the cases. It groups the children who had the 
best performance in the assigned tasks. Cluster 2 groups the cases for children who experienced difficulties in the 
resolution of most of the tasks and who had a performance that was worse than expected.  
 
 
 
 
 
Fig. 5. Cluster size 
The following table shows the importance of the variables in descending order:  Each variable shows a value 
that expresses its relative importance. Those with values closer to 1 are the most relevant for this classification. 
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The "Cluster 1" and "Cluster 2" columns show the most frequent category of each variable and the percentage of 
cases for each category in its cluster. 
Table 3. Importance of variables 
Feature Importance Cluster 1 (% of the most 
frequent category) 
Cluster 2 (% of the most 
frequent category) 
Ability to establish a correspondence for all 
colors 
1 False - 73% True - 100%  
Ability to establish a correspondence for all 
geometric shapes 
0.95 False - 70% True - 100% 
Ability to associate the geometric shape of a 
triangle to a drawing that contains it 
0.86 False - 76.7% True - 97% 
Ability to establish correspondences for 
circles 
0.85 False - 63.3% True - 100% 
Ability to establish correspondences for 
squares 
0.8 False - 60% True - 100% 
Correspondence of the triangle shape 0.71 False - 53.3% True - 100% 
Ability to associate the geometric shape of a 
circle to a drawing that contains it 
0.67 False - 73.3% True – 94.1% 
Ability to associate the geometric shape of a 
square to a drawing that contains it 
0.6 False - 76.7% True – 91.1% 
Ability to draw a triangle 0.26 Recognizable shape - 36.7% It is triangle -70.4% 
Ability to draw a square 0.24 It is square - 43.3% It is square – 85.2.5% 
Ability to draw a circle 0.25 It is a circle - 56.7% It is circle -89.6% 
Age 0 5 years old - 36.7% 5 years old - 42.2 % 
 
According to the results of the Cluster Analysis and the statistical tests performed for the validation of said 
results, age did not turn out to be a statistically significant variable (signification level 0.005) to classify 
children's productions according to their performance. 
The most significant variables in this study were "ability to establish a correspondence for all geometric 
shapes" and "ability to establish a correspondence for all colors". The high grade of association found between 
both variables suggests that children that can establish correspondences based in a single category (shape or 
color) can do it based on both (Cramer's coefficient V=0.92). Children that fail at using one of both categories to 
establish a correspondence do not seem to be able to do it with the other. 
The "ability to draw a circle, a square and a triangle" variables are relevant for Cluster 1 but not for cluster 2. 
For the circle, the most significant aspect lies in that 43.3% of the cases grouped in cluster 1 could not correctly 
reproduce the circle. This percentage is of 56.7% for the square and 63.3% for the triangle. If we take the total 
number of children in Cluster 2, an 89.6% could correctly draw a circle, 85.2% could do it with a square, and 
70.4% with a triangle. It was also noted that these percentages show increments that are consistent with 
evolutionary theories (Evolutionary graphic pattern test, Jean Piaget). These results are shown in Fig.6, Ability to 
draw geometric shapes. 
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Fig.6. Ability to draw geometric shapes 
In regards to Task 4, which evaluates the ability to associate a geometric shape to an object that contains the 
same shape, Cluster 1 holds 73.3% of the cases that could not establish such association for the circle, a 65.7.5% 
of those that could not do it for the square, and 85.2% of those that could not do it for the triangle. Cluster 2 holds 
94.1% of the children that could establish the association for the circle, 94.6% that could do it for the square and 
94.9% that could do it for the triangle, as shown in Fig.7, Association of a geometric shape to a drawing that 
contains it. 
 
Fig. 7. Association of a geometric shape to a drawing that contains it 
The clustering algorithm grouped the data into two distinct clusters. The first contains the cases of children 
who had difficulties in solving almost all the activities. 
The second contains those cases that correctly performed most activities. 
7. Conclusions 
Results suggest that the Prelogical Test is an adequate test for administering to groups.  
Therefore, it is necessary to increase the size and diversity of the sample to be able to confirm these 
tendencies. An increase in the size of the sample would allow its segmentation, to be able to research profiles by 
age.  
At the same time, it would prove interesting to be able to incorporate additional variables and divide the 
sample according to the "gender" variable. 
It has been noticed that the use of clustering algorithms (as with other computational intelligence methods) 
allows for the identification of groups of children whose performance is lower than expected. 
Despite the fact that the Prelogical Test is still in a testing phase, the results obtained suggest that the 
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considered variables and indicators are relevant and appropriate for early detection of difficulties in learning in an 
institutional, everyday context. 
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